We have succeeded in preparing A-site ordered-and disordered-Y 1/4 Sr 3/4 CoO 3−δ with various oxygen deficiencies δ, and have made comparative study of their structural and physical properties. In the A-site ordered structure, oxygen vacancies order, and δ = 0.34 sample shows a weak ferromagnetic transition beyond 300 K. On the other hand, in the A-site disordered structure, no oxygen vacancy ordering is observed, and δ = 0.16 sample shows a ferromagnetic metallic transition around 150 K. A-site disordering destroys the orderings of oxygen-vacancies and orbitals, leading to the strong modification of the electronic phases.
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PACS numbers: 75.30.-m Cobalt oxides with perovskite-based structure exhibit many attracting phenomena such as ferromagnetism, metal-insulator transition, and spin-state transition. These phenomena are caused by the various spin states of Co ion such as low-spin (LS), intermediatespin (IS), and high-spin (HS) states. La 1−x Sr x CoO 3 is the most typical example: The ground state of x = 0 compound is a nonmagnetic insulator with LS state of Co 3+ . [1, 2] With increase of Sr content x, a ferromagnetic metallic state emerges in x ≥ 0.18, which is driven by the double-exchange interaction between Co 4+ in LS state and Co 3+ in IS state. [3, 4] Among many perovskite cobaltites, Y 1−x Sr x CoO 3−δ attracts our interest, because of its characteristic structural features and high magnetic-transition temperatures. A-site ordered-Y 1−x Sr x CoO 3−δ has been first reported by Withers et al. [5] and Istomin et al. [6] This compound has large oxygen deficiency δ. The structure of ordered-Y 1/4 Sr 3/4 CoO 2.66 can be regarded as the alternate stacking of AO and CoO 1.7 sheets, where Asite cations and oxygen vacancies concomitantly order as shown in Fig. 1(a) . Y 1/4 Sr 3/4 O sheet stacks along the caxis with translation 1/2, 1/2, 0 . CoO 1.3 and CoO 2 sheets alternately stack along the c-axis with translation 1/2, 1/2, 0 to form the four times periodicity. For 0.75 ≤ x ≤ 0.8, A-site ordered-Y 1−x Sr x CoO 3−δ undergoes a weak ferromagnetic transition at 335 K. [7] Ishiwata et al. propose that the weak ferromagnetism is related to the orbital ordering. [8] In addition, the physical properties are sensitive to the variation of oxygen deficiency δ. For example, in x = 0.33, the ground state is transformed from an antiferromagnetic insulator to a ferromagnetic metal with a slight decrease of δ. [9] The high magnetic transition temperature is due to the A-site ordered structure free from chemical disorder. The A-site arrangement in perovskite-based oxides plays an important role in determining their physical properties. [10] In A-site ordered-R 1/2 Ba 1/2 MnO 3 (R = rare earth ion), ferromagnetic or charge-ordering transi- * Electronic address: fukush-s@sophia.ac.jp tions exceed room temperature, and a bicritical feature can be seen in the phase diagram. The random potential arising from A-site disordering suppresses long-range orders, and gives rise to the colossal magnetoresistive state near the bicritical region. In the cobalt oxide system just like the manganese oxide system, the A-site arrangement probably affects the physical properties through Co spin state and orbital arrangement. However, there are few reports on randomness effect of A-site ions in the cobalt oxides. [11] In this study, we prepared A-site ordered-and disordered-Y 1/4 Sr 3/4 CoO 3−δ with various δ and have made a comparative study of them in order to investigate the A-site randomness effect on their structural and physical properties.
A-site ordered-and disordered-Y 1/4 Sr 3/4 CoO 3−δ were prepared in a polycrystalline form by solid state reaction. Mixed powders of Y 2 O 3 , SrCO 3 , and CoO were heated at 1073 K in air with a few intermediate grindings, and sintered at 1423 K in air. Then the sample was annealed at 1173 K in Ar atmosphere. The resulting product has A-site ordered form. On the other hand, A-site disordered form is obtained by quenching the sample from 1473 to 77 K. We prepared orderedand disordered-Y 1/4 Sr 3/4 CoO 3−δ with various δ through different annealing conditions. The detailed conditions will be described elsewhere. The values of δ were determined through iodometric titration with an accuracy of ± 0.01. The crystallographic analysis of the obtained samples was performed by X-ray-diffraction (XRD) method at room temperature. The resistivity was measured by a standard four-probe method from 5 to 350 K. The magnetic properties were measured using a Quantum Design, Physical Property Measurement System (PPMS) from 5 to 350 K.
From the XRD measurements, we confirmed that Y 1/4 Sr 3/4 CoO 2.66 annealed in Ar has the A-site ordered structure as shown in Fig. 1 3+ and Sr 2+ randomly occupy A-site, and that oxygen vacancies are randomly distributed as shown in Fig. 1(b) . These results indicate that A-site disordering makes the oxygen-vacancy order destabilized. The detailed results of the structural properties will be published elsewhere. . This magnetic behavior is consistent with that reported by Kobayashi et al. [7] . On the basis of structural refinement, they propose two models for the magnetic order. One is a canted antiferromagnetic state, and the other is a ferrimagnetic state due to the antiferromagnetic coupling between the HS and IS states of Co In summary, we have prepared A-site ordered-and disordered-Y 1/4 Sr 3/4 CoO 3−δ , and have investigated their structural and physical properties. Oxygen vacancy orders in the A-site ordered structure, but not in the A-site disordered structure.
A-site disordered-Y 1/4 Sr 3/4 CoO 3−δ exhibits the magnetic transition below 150 K, which is quite lower than those of ordered-Y 1/4 Sr 3/4 CoO 3−δ . The A-site randomness suppresses magnetic order in cobalt oxide Y 1/4 Sr 3/4 CoO 3−δ as reported in manganese oxide R 1/2 Ba 1/2 MnO 3 . [10] This work was supported by Iketani Science and Technology Foundation, the Matsuda Foundation, the Asahi Glass Foundation, and by Grant-in-Aid for Scientific Research on Priority Areas (No.451) from the Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan.
